Previously, mouse bone marrow-derived stem cells (MSC) treated with the unspecific DNA methyltransferase inhibitor 5-azacytidine were reported to differentiate into cardiomyocytes. The aim of the present study was to investigate the efficiency of a similar differentiation strategy in human mononuclear cells obtained from healthy bone marrow donors. After 1-3 passages, cultures were exposed for 24 h to 5-azacytidine (3 µM) followed by 6 weeks of further culture. Drug treatment did not induce expression of myogenic marker MyoD or cardiac markers Nkx2.5 and GATA-4 and did not yield beating cells during follow-up. In patch clamp experiments, approximately 10-15% of treated and untreated cells exhibited L-type Ca 2+ currents. Almost all cells showed outwardly rectifying K + currents of rapid or slow activation kinetics. Mean current amplitude at +60 mV doubled after 6 weeks of treatment compared with time-matched controls. Membrane capacitance of treated cells was significantly larger than in controls 2 weeks after treatment and remained high after 6 weeks. Expression levels of mRNAs for the K + channels Kv1.1, Kv1.5, Kv2.1, Kv4.3 and KCNMA1 and for the Ca 2+ channel Ca v 1.2 were not affected by 5-azacytidine. Treatment with potassium channel blockers tetraethylammonium and clofilium at concentrations shown previously to inhibit rapid or slowly activating K + currents of hMSC inhibited proliferation of these cells. Our results suggest that despite the absence of differentiation of hMSC into cardiomyocytes, treatment with 5-azacytidine caused profound changes in current density.
Introduction
Due to their potential to differentiate into various cell types of adult tissues, bone marrow-derived human mesenchymal stem cells (hMSC) play an increasing role as a source of cells for regenerative medicine [1] . After myocardial infarction cardiac muscle possesses only limited ability to regenerate and therefore bone marrow cells have been used in numerous attempts to support tissue repair both in animals and humans [2] [3] [4] [5] . When cultured in vitro, hMSC readily differentiate into adipocytes, osteoblasts or chondrocytes under appropriate conditions [6] . 5-Azacytidine interferes with DNA methylation and was shown to induce mouse 10T1/2 fibroblasts to differentiate into skeletal myoblasts by reactivation of the transcription of silenced genes including MyoD [7, 8] . After treatment with the drug, immortalized murine bone marrow-derived stromal cells differentiated into cardiomyocytes of various excitation properties [9] similar to the results obtained in cardiomyocytes derived from multipotent embryonic stem cells [10] [11] [12] . However, conflicting results have been published with respect to MSC from other species. In rat MSC, 5-azacytidine was ineffective in promoting cell expansion Cell Research | www.cell-research.com 5-Azacytidine and human mesenchymal stem cells 950 npg or differentiation into cardiomyocytes [13] , whereas other studies have claimed to obtain cardiomyocytes from hMSC following induction with the drug [14, 15] .
Here we investigated whether 5-azacytidine would induce cardiomyocyte differentiation in hMSC after being subcultured one to three times. Cardiac differentiation, as evidenced by expression of early (sarcomeric α-actinin), intermediate (myosin heavy chain) and late (cardiac troponin T) marker proteins of cardiomyocytes, could not be detected. However, delayed outwardly rectifying K + currents were increased 6 weeks after 5-azacytidine treatment. Some of the results have been reported previously in a meeting abstract [16] .
Materials and Methods

Donors
Bone marrow samples were obtained from healthy donors, all of whom gave their informed, written consent. The study was approved by the local ethics committee and all procedures with hMSC were performed according to the Declaration of Helsinki [17] .
Preparation of stem cells and culture conditions
The bone marrow samples were collected at the Bone Marrow Transplantation Center of the University Hospital Carl Gustav Carus, Dresden, and hMSC were isolated and cultured as described previously [18] . Briefly, an aliquot from bone marrow aspirate diluted with phosphate-buffered saline (PBS) with 0.5% human serum albumin (HSA) was layered over a Percoll solution (d=1.073 g/ml, Biochrom, Germany) and centrifuged at 900 × g for 30 min.
Mononuclear cells at the interface were recovered, washed twice in PBS-HSA and seeded into 75 cm 2 flasks containing DMEM-low glucose supplemented with 2 mM GlutaMAX TM (all from Gibco Invitrogen, UK) and 10% fetal calf serum (Biochrom, Germany). The medium was completely changed after 48 h. Automatically counted cells were maintained in a humidified atmosphere at 5% CO 2 and 37 °C until reaching 90% confluence. During subsequent passages cells were replated at a density of 5 000 cells/cm 2 [19] . From second passage on, the culture medium was additionally supplemented with 100 U/ml penicillin and 100 µg/ml streptomycin. Aliquots of different passages were used for flow-cytometric characterization of the cells (FACScalibur 3CS, Becton Dickinson, CA, USA).
Western blotting
Cultures of hMSC or P19 (mouse embryonic carcinoma cell line) were washed with PBS and cells homogenized in Kranias buffer (30 mM Tris, 5 mM EDTA, 30 mM NaF, 3% SDS, 10% glycerol). Total protein content was determined using the Amido Black method [20] . Protein extracts were run on a 10% SDS-PAGE gel (80 µg total protein from hMSC and 8 µg from P19) and blotted onto a nitrocellulose membrane (BioTrace ® NT, PALL, FL, USA). Membranes were blocked in Tris-buffered-saline with 1% milk powder and probed overnight with anti-Oct3/4 antibody (clone C-10, Santa Cruz Biotechnology, CA, USA) diluted 1:200. Membranes were washed, probed with secondary antibody (anti-mouse sheep whole IgG antibody conjugated with horseradish peroxidase, Amersham Pharmacia Biotech, UK) diluted 1:500 and detected by chemiluminescence.
Effects of 5-azacytydine and ion channel blockers on cell cultures
Cell viability (hence cell number) was determined in 96-well plates using the colorimetric MTT (3-(4,5-dimethylthiazol-2)-2,5 diphenyltetrazolium bromide) assay (Roche Diagnostics, Switzerland) according to the manufacturer's protocol. Briefly, 5-azacytidine or ion channel blockers (tetraethylammonium (TEA), 4-aminopyridine (4-AP) clofilium or iberiotoxin) were added at the indicated concentrations. After 24 h (in case of 5-azacytidine) or 7 d (for ion channel blockers) 10 μl of MTT labelling agent (5mg/ml) was added to each well and plates were incubated for 4 h at 37 °C. The resulting formazan crystals were dissolved by addition of 100 μl of solubilization reagent, followed by overnight incubation at 37 °C. Absorbances at 595 nm were determined by microplate reader (anthos HTIII, Anthos Labtec Instruments GmbH, Austria). Results were normalized to untreated cultures (i.e. 100% survival or inhibited growth).
Recording of ion currents
Membrane currents were measured in the whole-cell configuration of the patch clamp technique at 21-23 °C [21] with Axopatch 200B amplifier (Molecular Devices Corporation, CA, USA) controlled by the ISO2 program (MFK, Germany). Electrophysiological recordings were not feasible when hMSC were attached to glass cover slips. Therefore, subconfluent hMSC were detached from small culture flasks with trypsin/EDTA [18] . After centrifugation at 88 × g for 5 min cells were resuspended in culture medium. The suspension was stored at room temperature and used within 6 h.
Electrophysiological recordings were carried out as described previously [18] . Briefly, cells were allowed to attach to the glass bottom of a small chamber and were superfused with buffer solution at a rate of 1.8 ml/min. Patch electrodes were pulled with a horizontal puller (Zeitz, Germany) from filamented borosilicate glass. The tip resistance was 1.5-4.0 MΩ, when filled with electrode solution. Membrane capacitance was measured with fast depolarizing ramp pulses and compensated. Series resistance was routinely checked and compensated by 50-80%. Membrane currents were low-pass filtered at 2 kHz.
Outward currents were recorded with the following bath solution (in mM): NaCl 150, KCl 5.4, CaCl 2 2, MgCl 2 2, glucose 11 and HEPES 10 (pH 7.4 adjusted with NaOH). The pipette solution included (in mM): NaCl 8, KCl 40, K-aspartate 100, Tris-GTP 0.1, Mg-ATP 5, CaCl 2 2, EGTA 5 (pH adjusted to 7.3 with KOH) resulting in a calculated free Ca 2+ and Mg 2+ concentration of 64 nM and 587 µM, respectively [22] . All membrane potentials were corrected for a calculated liquid junction potential of 12.5 mV (JPCalc version 2.2 [23] ). The stimulation frequency was 0.25 Hz. The current amplitude was determined at the end of individual depolarizing steps.
The presence of functional Ca 2+ channels was assessed with Na + -free external solution supplemented with 2 mM Ca 2+ or 10 mM Ba 2+ under conditions described previously [24] . The L-type Ca 2+ channel activator (-)-BayK8644 was used to facilitate current detection [25] .
Reverse transcription-polymerase chain reaction
Total RNA (0.5 µg) isolated by the guanidinium method [26] Table 1 ). The same single-stranded cDNA product was used to analyse the expression of all genes described.
To assure that amplification was in the exponential range, progress of PCR was determined by amplifying identical reaction mixtures for ascending numbers of cycles. After the cited number of PCR cycles, amplification rate was sufficient without reaching saturation for any of the amplicons. PCR products were resolved by 2% agarose gel electrophoresis and stained with ethidium bromide. Bands imaged by a CCD camera (Biostep, Germany) were analysed via optical densitometry with Phoretix 1D software (Biostep).
Drugs
(-)-BayK 8644 was obtained from Bayer, Germany. Clofilium tosylate was from Lilly (Indianapolis, IN, USA). Recombinant iberiotoxin was purchased form Alomone Labs, Israel. All other drugs and chemicals were acquired from Sigma (St Louis, MO, USA).
Statistics
Results are presented as mean values ± S.E.M. The statistical differences between means of 2 groups were evaluated by the Student's t-test. A value of p<0.05 was considered statistically significant.
Results
Characterization of mesenchymal stem cells
hMSC could be successfully isolated and expanded in vitro. They are of elongated spindle shape closely resembling fibroblasts ( Figure 1A ).
Expression of surface markers
Flow-cytometric characterization of cells from 10 patients revealed that the majority of cells were positive for CD105 (98.5 ± 2.2%) and CD166 (98.9 ± 1.3%), and negative for CD45 (1.3 ± 1.6%) (means ± S.D.). Since the identity of stem cells is still an issue [32] cells were also screened for other markers, though not in every individual patient. Cells were also positive for CD29, 99.8 ± 0.2% (4 patients); CD44, 99.4 ± 0.5% (3 patients); CD73, 98.8 ± 1.3% (6 patients); CD90, 92.3 ± 5.6% (3 patients); whereas they were negative for CD14, 0.81 ± 0.43% (7 patients) and CD34, 0.41 ± 0.30% (6 patients).
Expression of stem cell markers
The hMSCs were negative for Oct3/4, which is an essential factor for maintaining unlimited self-renewal in embryonic stem cells. P19 embryonic carcinoma cells were used as a positive control ( Figure 1C ). On the other hand, the mRNA expression of the putative adult stem cell marker ABCG2, a multidrug transporter protein, was detected in our cells suggesting their multipotential character [33] . npg The catalytic subunit of telomerase, hTERT, is a necessary component for telomerase activity [29] which is present in immortalized cells such as HEK (human embryonic kidney) cells, but was not expressed in hMSC. MyoD belongs to the family of basic helix-loop-helix transcription factors acting as a "master switch" during the differentiation of skeletal muscle [34] . While robust expression of MyoD was present in skeletal muscle tissue, none was detected in hMSC. Unlike human ventricular tissue that served as a positive control, hMSC did not express the cardiac transcription factors Nkx2.5 and GATA-4 ( Figure 1D ).
Effects of 24 h of 5-azacytidine treatment on cell growth
Cultures of hMSC were treated with various concentrations of 5-azacytidine over 24 h. Next, their metabolic activity, an indicator of the number of viable cells, was determined using MTT assay and normalized to untreated, time-matched controls ( Figure 1B) . It is noticeable that 5-azacytidine did not exhibit any significant acute toxicity in the micromolar range of concentrations, which were postulated to induce cardiogenesis [9, 14, 15] .
Effects of 5-azacytidine on cell morphology and expression of cardiac structural proteins
Cells from passages 1 to 3 were grown until they reached 70-85% confluence and were treated with 5-azacytidine (3 μM) for 24 h, the controls were left undisturbed. After medium change all cells were further cultured for additional 6 weeks without subculture. Untreated controls and 5-azacytidine-treated cultures were analysed after 1, 2, 3, 4 and 6 weeks for changes in morphology and expression of markers of myogenic or cardiac differentiation such as transcription factors and structural proteins. All cells proliferated to reach confluence within one week -irrespective of whether they had been treated or not. The high cell density precluded detection of cross striations under light microscopy. Despite the absence of beating areas in any single one of the cultures, differentiation of hMSC into cardiomyocytes could not be excluded because these cells could have been quiescent. Untreated and 5-azacytidine-treated hMSC after 2 and 6 weeks were similar in morphology with a fibroblast-like appearance (data not shown). However, immunostaining for sarcomeric myosin heavy chain and cardiac troponin T could not be detected at any time irrespective of exposure to 5-azacytidine (data not shown).
Effects of 5-azacytidine on mRNA expression of myogenic or cardiac markers
Treatment of hMSC (1-3 passages) for 24 h with 3 µM 5-azacytidine did not induce differentiation into skeletal muscle-like cells as indicated by the lack of expression of MyoD (Figure 2) . Neither did the treatment induce mRNA expression of the cardiogenic transcription factors Nkx2.5 ( Figure 2 ) nor GATA-4 (data not shown). Also, expression of the cardiac isoform of α-actinin encoded by ACTN-2 gene was not detected in either treated or control cells (Figure 2 ). 
Effects of 5-azacytidine on ion currents and expression of channel mRNA
In our previous study of undifferentiated hMSC, L-type Ca 2+ currents (I Ca,L ) were detected in about 10-15% of all cells; Na + currents were absent, and two delayed rectifier K + currents were characterized, one most likely representing the Ca 2+ -activated Big K + channel [18] . Under control conditions we identified I Ca,L in a similar fraction of cells (4 out of 20 cells) with a mean current density of -2.0 ± 0.4 pA/pF at 0 mV after stimulation with (-)-BayK 8644 (1 µM). Two weeks after treatment with 5-azacytidine, Ca 2+ current was detected in three cells out of 29 (mean current density -2.3 ± 0.4 pA/pF) vs 0/13 in control cells (data not shown). After 6 weeks Ca 2+ current was not detected in both time-matched control and 5-azacytidine treated cells (0/5 vs 0/6, respectively). Despite the small number of measured cells, we conclude that no major changes in Ca 2+ current density took place after 5-azacytidine treatment. I Na was absent. Outward currents recorded under control conditions (before beginning of the experiment) were of two distinct types (see Figure 3A) : four out of 35 cells exhibited a potential-dependent rapidly activating current "I r " ("r" for rapid activation) with a threshold around 0 mV and no inactivation. Characteristically, recordings at strongly positive potentials showed considerable noise. The current did not saturate and was partially blocked with 100 nM iberiotoxin (data not shown), suggesting the current flows through Ca A B slow activation). This current had a threshold at -40 mV, clearly saturated at potentials positive to +60 mV and was less noisy than I r . Another 17 cells, however, exhibited a mixture of both current components. For comparison of the current-voltage relations, current amplitudes at the end of the clamp steps were normalized for individual cell size as indicated by cell capacitance and expressed as current density in pA/pF. Current density can be altered because of changes in current amplitude, in cell size or both. Two weeks after 5-azacytidine treatment the membrane capacitance was significantly larger than in control cells, but differences between treated and non-treated group disappeared after 6 weeks ( Figure 4A ). Next, we compared current density for different time points. Most cells analysed 2 and 6 weeks after treatment both in control and treated group displayed outward current with a mixture of I r and I s . Therefore the current densities for a given time point were averaged regardless of current subtype. Mean I-V curves for treated and untreated cells revealed no change of current density after 2 weeks ( Figure 3B ), but test pulses to +60 mV produced markedly increased current densities after 6 weeks in treated cells (10.6 ± 1.5 pA/pF vs 6.2 ± 0.7 pA/pF (time-matched control) at +60 mV, p=0.0043; Figure 4B ).
Human MSC express mRNAs for several ion channel proteins, including α-subunits for K + and Ca 2+ selective voltage-activated ion channels [18, 48] . Here we investigated whether 5-azacytidine treatment would influence the expression of mRNAs of selected ion channels. To this end, expression of the K + channels Kv1.1, Kv1.5, Kv2.1, Kv4.3 and KNCMA1 and for the Ca 2+ channel Ca v 1.2 was studied using RT-PCR ( Figure 5 ). The expression levels of Kv1.1, Kv1.5, Kv2.1 and Ca v 1.2 were similar to those reported in our previous study, whereas Kv4.3 and KCNMA1 (Big K + channels) were expressed at somewhat lower levels, although the differences were not statistically significant [18] . The clear increase in outward current density 6 weeks after 5-azacytidine treatment (compare Figure 3 and 4) was not paralleled by a significantly enhanced expression level of any of the K + channels studied.
Effects of selected potassium channel blockers on growth of hMSC
Continued exposure for 7 d to TEA, 4-AP or clofilium but not to iberiotoxin decreased the number of viable cells in comparison to controls (TEA EC 50 =417 ± 191 μM; 4-AP EC 50 =4.5 ± 2.9 mM; clofilium EC 50 =5.6 ± 8.4 μM, Figure  6 ). The decrease in metabolic activity (cell number) could be either due to decrease in cell proliferation or direct toxic effects. As a 24-h exposure to TEA and clofilium did not affect the cell viability (data not shown), we suggest that specific block of potassium channels impairs cell cycle progression and hence proliferation.
Discussion
In the present study hMSC did not differentiate into cardiomyocytes within 6 weeks after a brief 24 h period of exposure to the DNA-methylation inhibitor 5-azacytidine. However, treatment with 5-azacytidine induced a significant increase in K + current density after 6 weeks.
Characterization of the cells
The donor-derived hMSC were positive for CD29, CD44, CD73, CD90, CD105 and CD166 surface markers and negative for the haematopoietic markers CD14, [35] found that more than half of the human MSC isolated in their laboratory expressed CD13, CD29, CD44, CD49b, CD49e, CD54, CD71 and CD90. Human MSC used in the present work did not express the transcription factor Oct3/4. This protein is involved in maintenance of the undifferentiated state of all embryonic pluripotent cell types and therefore represents a widely accepted marker of these cells [36] . However, its role in adult stem cells remains unclear. The expression of Oct3/4 was reported in a subpopulation of hMSC [37] . Although its presence would strongly suggests the uncommitted nature of the hMSC, there is no evidence that Oct3/4 is crucial for adult stem cells. The hMSC used here expressed mRNA encoded by the ABCG2 gene. This drug-extruding pump was initially detected on the surface of cancer cells and later suggested to be a common marker of adult stem cells [33] . The catalytic subunit of telomerase, hTERT, was not detected in our hMSC cultures, and hence it must be concluded that our cells also lack activity of this enzyme. Some groups reported expression and activity of telomerase in MSC [6, 38] , while others could not detect the enzyme [39] . Interestingly, stable transfection with the telomerase gene led to immortalization of MSC without any influence on their differentiation potential [40] . These findings are in agreement with the hypothesis that adult stem cells have a limited proliferation potential which may be an element of protection against malignant transformation. However, it was suggested recently that self-renewal may not be an obligatory stem cell trait and plasticity alone defines stem state while other properties are optional [41] . The human MSC used in our experiments did not express the cardiacspecific transcription markers Nkx2.5 and GATA-4. Therefore, they cannot be regarded as cardiac progenitor cells like for instance the small population of human amnion-derived MSC that express GATA-4 [42] .
Mechanism of action of 5-azacytidine
DNA methylation at the C5 atom of cytosine residues is a heritable and reversible epigenetic mechanism to regulate gene expression. For example, tissue-specific genes become silenced in many tissues, when they are methylated at the critical CpG sites in their promoters [43] . By forming covalent bonds with methyltransferase 5-azacytidine acts as an irreversible inhibitor of the enzyme [44] . This prevents methylation of DNA after cell division thereby reactivating transcription of genes previously silenced. 5-Azacytidine was repeatedly reported to induce differentiation of various selected adult stem cell populations into cardiomyocytes [9, 40, 45, 46] .
Evidence for cardiac differentiation
5-Azacytidine treatment of mouse 10T1/2 fibroblasts originally led to the discovery of MyoD as a myogenic marker (for skeletal muscle) [8] ; however, no expression of this marker was observed in our cells before or after 5-azacytidine treatment. The cultures were negative for the cardiomyocyte markers, myosin heavy chain and cardiac troponin T. In addition, RT-PCR analysis did not reveal expression of mRNA for cardiac α-actinin.
In the initial publication by Makino et al. [9] , beating cardiomyocytes were formed after a single, 24-h 5-azacytidine treatment (3 µM) of mouse bone marrow-derived MSC that had been immortalized by numerous subcultures. The beating cells and those surrounding them were subcloned and treated once more with 5-azacytidine. From these cultures, subclones of the most frequently beating cells were maintained as the cardiomyogenic cell line (CMG). These cells expressed cardiac transcription factors such as Nkx2.5, GATA-4, TEF-1 and MEF2-C, and could be stimulated in the cardiogenic direction with high efficiency (30%) by 5-azacytidine treatment. Our attempts to immortalize human MSC failed because the cells ceased to proliferate during prolonged culture (passage 12). Nevertheless, the human MSC were treated with 5-azacytidine but no beating was observed at any time nor were the cells stimulated to express the cardiac markers Nkx2.5 and GATA-4.
One reason for the failure of cardiac differentiation with 3 µM 5-azacytidine could be that the drug concentration used was too low. Some authors reported successful differentiation of hMSC with concentrations between 5 and 10 µM [14, 15] , suggesting that human cells may require higher concentrations than their murine counterparts, possibly because of higher activity of cytidine deaminase which degrades 5-azacytidine [47] . It must be emphasized, however, that there are also reports of lack of differentiation in rat MSC even with concentrations of 10 µM 5-azacytidine [13] . Most likely, additional factors are required for successful differentiation. In a recently published study, 24 h treatment of a single clone of hMSC with 10 µM 5-azacytidine did not stimulate differentiation, but the same cells differentiated when co-cultured with neonatal cardiac cardiomyocytes and that effect was strongly enhanced by 5-azacytidine [40] .
Effects of 5-azacytidine on electrophysiological properties of hMSC
We and others have shown previously that the majority of cultured hMSC possess delayed outwardly rectifying npg K + currents and between 10 and15% of cells also display L-type Ca 2+ current [18, 48] . However, unlike Li et al. [48] we did not detect tetrodotoxin-sensitive Na + current. In spite of the failure to stimulate cardiogenic differentiation, 5-azacytidine treatment affected cell capacitance and current density of outwardly rectifying K + currents but did not change L-type Ca 2+ currents. Membrane capacitance is an estimate of cell surface and hence cell size. 5-Azacytidine treatment transiently (after 2 weeks) increased mean cell size over non-treated control. This difference was not statistically significant 6 weeks after exposure to the drug. In order to correct for cell size, absolute current amplitudes are generally expressed as current density, and 6 weeks after treatment, this value was nearly doubled, suggesting a profound increase in channel activity. Since mRNA expression of putative channels for this current (e.g. KCNMA1) was not significantly changed, either membrane incorporation or functional channel regulation must have been altered by the treatment.
The present results on ion channel pattern of hMSC are not different from but extend our previous findings [18] by suggesting that one physiological role of the potassium channel activity found in hMSC could be involvement in cell cycle. We determined that cell proliferation, measured as number of viable cells after a given period of time, is decreased by TEA at submillimolar concentration (a drug concentration that blocks MaxiK, Kv1.1, Kv3 and Kv7.2 channels [49, 50] ) and by micromolar concentration of clofilium (concentration effective to block HERG channels [51] ). Significantly, we have previously shown that similar concentrations of TEA and clofilium inhibited I r and I s , respectively [18] . This suggests association of channel activity with proliferation and cell cycle progression. It was shown in case of some cancer cells that potassium currents are coupled to the cell cycle progression. For instance, in the breast cancer cell line MCF-7, voltage-gated outward K + currents and large-conductance Ca
2+
-activated K + currents are upregulated in the G1 phase of the cell cycle [52, 53] . Therefore, the increase of mean current density upon 5-azacytidine treatment described here may reflect higher numbers of dividing cells, especially since more cells exhibited large amplitude currents after 5-azacytidine treatment than in time-matched controls, although direct effects of 5-azacytidine on proliferation of hMSC were not measured in the present study.
Conclusion
In the present study, we report that even a transient 24-h treatment with 5-azacytidine alters electrophysiological properties of hMSC, but does not induce their differentiation into cardiomyocytes. These findings suggest not only that hMSC are inhomogeneous with respect to their electrophysiological properties but also that changes in ion currents are not necessarily appropriate markers of cardiomyocyte differentiation. Sensitivity of growth of hMSC to potassium channel blockers suggests that the activity of channels may be associated with proliferation.
